Basic fibroblast growth factor (bFGF) and acidic fibroblast growth factor (aFGF) are involved in the induction of embryonic mesoderm, angiogenesis, neuronal differentiation, and proliferation and survival of many cell types. In cardiac myocytes their roles are not well understood. Effects of fibroblast growth factors on reexpression of fetal actin genes have been reported. In freshly isolated adult rat cardiac myocytes, bFGF mRNA was not detectable by in situ hybridization, although the cells contained significant amounts of bFGF and aFGF as quantified by radioimmunoassays, mitogen assays with immunoneutralization, and Western blotting. After culturing, bFGF mRNA was detected (aFGF mRNA was not studied), and the cells contained 2.5-fold more bFGF and 60o more aFGF than freshly isolated cells. The FGFs were not found in conditioned medium. They were localized, especially in cultured cells, to the nucleus. Cultured myocytes bound fourfold more 1251-FGF than freshly isolated cells and expressed the fibroblast growth factor R-1 (fig) gene. The addition of bFGF or aFGF in serum-free medium to pure populations of myocytes (after 10 days in culture, at which time they are spread, beating, and multinucleated) led to increased thymidine incorporation. Expression of fibroblast growth factors and fibroblast growth factor receptors by adult cardiac myocytes that survive the shock and "dedifferentiation" of culturing may contribute to DNA synthesis and, by analogy, to other cell types, to regulation of ribosomal and actin genes, and to cell survival. These possibilities and their in vivo relevance will require further study. (Circulation Research 1992;71:251-259 Recently, we and others extracted aFGF and bFGF from normal human hearts,4-6 from bovine and canine hearts,57 from brain,5 and from freshly isolated adult rat cardiac myocytes.8 The roles of these factors in these nondividing cells are not known. It is known that proliferating skeletal myoblasts, when deprived of FGF in vitro, become irreversibly postmitotic, because of permanent loss of FGF receptors within hours after FGF withdrawal.9"10 In cultured neonatal cardiac myocytes, administration of bFGF and aFGF has different effects on DNA synthesis and expression of actin iso-
A cidic fibroblast growth factor (aFGF) and basic fibroblast growth factor (bFGF) have been identified in a variety of normal and malignant tissues and cells. Fibroblast growth factors (FGFs) are potent mitogens and survival factors for many cell types in vitro,' and they stimulate the angiogenic response in vivo.2 bFGF can induce or delay differentiation' and acts as a mesoderm-inducing morphogen. 3 Recently, we and others extracted aFGF and bFGF from normal human hearts,4-6 from bovine and canine hearts,57 from brain,5 and from freshly isolated adult rat cardiac myocytes. 8 The roles of these factors in these nondividing cells are not known. It is known that proliferating skeletal myoblasts, when deprived of FGF in vitro, become irreversibly postmitotic, because of permanent loss of FGF receptors within hours after FGF withdrawal.9"10 In cultured neonatal cardiac myocytes, administration of bFGF and aFGF has different effects on DNA synthesis and expression of actin iso-forms." When isolated rod-shaped adult cardiocytes are placed in culture, they spread and resume beating spontaneously after 3-5 days in culture, acquire multiple nuclei by DNA replication, but fail to complete mitosis. 12 We hypothesized that new expression of FGFs in these myocytes might be one of the mechanisms of cell survival and cellular hypertrophy.
Materials and Methods Myocyte Isolation and Culture
Calcium-tolerant myocytes were isolated using the perfusion technique of Claycomb and Palazzo13 and the attachment procedure of Lundgren et al. ' 4 Isolated myocytes were counted with a hemocytometer, and 10,000-20,000 rod-shaped cells/cm2 were plated in 35-mm dishes (Falcon) precoated with 20 ,tg/ml laminin (a gift from Dr. H. Kleinman, National Institute of Dental Research, NIH, Bethesda, Md.). One heart yielded 3-4 million rod-shaped cells; 5-10% of the plated rods typically attached within minutes, spread, and started beating spontaneously after 3-5 days in culture. At that time, more than 80% of the cells were binucleated, and some were multinucleated. Nonmuscle cells were eliminated from the cultures by adding 2.25 ,ug/ml cytosine-1-f8-D-arabinofuranoside hydrocloride (ara-C) (United States Biochemical Corp., Cleveland, Ohio) for the first 4 days of culture. Cardiocytes were harvested by washing twice with cold Puck's saline, adding 1 ml of 1 M NaCI, 0.01 M Tris (pH 7.4), and proteinase inhibitors to each dish, and using a cell scraper to obtain 0.5-1 x 106 million cells in 10 ml of this buffer. The cells were then disrupted with three freezethaw cycles, homogenized, and centrifuged at 48,000g for 30 minutes, and the clear supernatant was adjusted to 0.5 M NaCl (cell lysate). Freshly isolated myocytes were washed in Joklik's medium (five changes of medium) and counted by hemocytometer; 0.5-1x 10' cells were resuspended in 10 ml of 1 M NaCl extraction buffer and processed as described for the cultured cells.
Results were normalized for cell number.
Quantitation of aFGF and bFGF
The contents of aFGF and bFGF in freshly isolated versus cultured myocytes were compared in 1. 16 and monoclonal anti-bFGF antibody 78, directed to the first nine residues of human recombinant bFGF (a gift from Takeda Ltd., Japan) were all at dilutions of 1/1,000 except anti-bFGF 1-24, which was diluted 1/10,000. Immunohistochemistry
Freshly isolated adult rat cardiac myocytes were attached to two-chamber culture dishes (LabTek) coated with 20 ,ug/ml laminin. After incubation at 37°C with 5% CO2 for 4 hours (20,000 cells/cm2 in 1 ml Joklik's medium), cells were fixed and permeabilized with 0.2% saponin. 17 The cells were then incubated overnight with primary antibody in phosphate-buffered saline (PBS) with 2% goat and 1% rat serum at 4°C with gentle rocking. Cultured myocytes were fixed while beating (10) (11) (12) (13) (14) (15) (16) (17) (18) days after plating) and processed as described for freshly isolated cells. We used the antiaFGF or anti-bFGF antisera described under "Western Blot Analysis" and several controls described in detail elsewhere. 18 Rat hearts were fixed by perfusion with 10% formalin.
Paraffin sections (6 gm) were prepared for immunostaining as described. Figure 1 ). Biological activity eluted from the columns as two peaks at 1.1 and 1.5 M, characteristic of aFGF and bFGF, respectively. Figure 1A illustrates a twofold increase of activity in 10-day cultured myocytes when compared with freshly isolated cells ( Figure 1B Table 1 . Intra-assay and interassay variability was ± 10% and + 15%, respectively. To address the possibility that the column fractions contained other heparin-binding growth factors besides bFGF and aFGF, we performed neutralizing studies4 and found that anti-bFGF antibodies neutralized 90% of the mitogenic activity of the 1.5-M fraction and anti-aFGF antibodies neutralized 90% of the activity in the 1.1-M fractions (not shown). Thus, aFGF and bFGF account for almost all the heparin-binding mitogenicity of cardiac myocytes.
Western Blotting
We used an extraction buffer containing 1 M NaCl (pH 4.5) and proteinase inhibitors, which consistently gave good yields of 17-kd bFGFs and, less consistently, 17- clonal antibody raised to the whole molecule (bovine aFGF, not shown). In Western blots, the antibodies were monospecific in recognizing aFGF in fresh and cultured myocytes (not shown). There appeared to be more intense reactivity in the plasma membrane, in the nuclei, and in the cross-striations of the sarcomeres. When cells were exposed to immune reagents without being permeablized first, there were a few spotty stains or no staining; however, extracellular FGFs could have been removed during enzyme digestion.
A very similar pattern was seen for bFGF ( Figures 2A  and 2D ), using anti-bFGF 1-24 and anti-bFGF monoclonal antibody 78 (not shown). Myocytes showed lack of reactivity when treated with the following controls: (Figures 2M and 20) . One of the control myocytes is shown ( Figure 2N ): anti-aFGF 50-80 depleted by aFGF-Sepharose. In cryostat sections that were fixed in 1% formalin for 10 minutes, bFGF immunoreactivity was apparent in most cardiac myocyte nuclei and intercalated discs (not shown). The pattern of aFGF immunoreactivity was similar to that for bFGF. In Situ Hybridization 
Single-Cell Autoradiography
When myocytes maintained in chamber slides (glass) for 48 hours ( Figure 6A ), 5 days (Figure 6B ), or 14 days ( Figure 6D ) were kept in serum-free medium for 24 hours, then incubated with freshly iodinated 125`-aFGF, and processed as described in "Materials and Methods," cells showed significant label outlining the various shapes of the myocytes. The rod-shaped cell (panel A) that spreads in typical fashion from the short ends of the cylinder shows labeling at the spreading "ruffles" and perhaps at the cell membrane. The label was competed with 500-fold (5 ,ug/ml) excess unlabeled bFGF ( Figure 6C ). This indicates that the binding is specific and adds support to the indirect evidence of receptors in the binding study (see below).
'I-aFGF Binding to Intact Myocytes
We modified the method of 125`-aFGF binding to the FGF receptor in sparse cells in the monolayer.20 In the present study, the 2 M NaCl wash dislodged the freshly isolated myocytes from the dish and also removed a significant number of the cells that had spread for 10 days. We successfully used 1 M NaCl (pH 4.0) and immediately removed it, processing only one dish at a time for a total of nine dishes in one experiment. ----U- bFGF also has been shown to be a survival agent,26,27 and the FGFs in myocytes may also function in some way to promote survival, delay senescence, regulate migration, and influence the production and degradation of the extracellular matrix. The induction of bFGF synthesis by cell culture may thus be similar to the wound response. Finally, bFGF, which delays the development of differentiated contractile proteins in skeletal myocytes,9 has recently been reported to differ from aFGF in its effects on a-actin expression, at least in neonatal cardiac myocytes11; whether either FGF regulates actin or myosin isoforms in adult cells is not known.
The possible stimuli for increased production of aFGF, bFGF, and their receptors are not known. It is interesting to speculate, however, that the effects are mediated by the enzymatic digestion used in preparation of the cells, which leads to loss of matrix and cell-cell contacts. Another difference is that cells in vivo are exposed to plasma and those in vitro are exposed to serum. We cannot exclude roles for laminin (required for attachment) or even for ara-C (required to prevent fibroblast overgrowth), an important antimetabolite that is most cytotoxic to cells in the S phase. However, the increase in bFGF mRNA expression persisted until at least day 10, 5 days after the ara-C was washed out. Moreover, we have found a similar culture-induced increase in FGF expression in vascular endothelial and smooth muscle cells that were not exposed to ara-C or laminin.18
Nuclear Immunoreactivity for bFGF and aFGF
The possibility of an intracellular role for bFGF and aFGF is suggested by our finding of specific immunoreactivity for these peptides in myocyte nuclei. In other cell types, evidence of nuclear FGF has been obtained recently28 by immunocytochemistry and by Western blotting of heparin-bound fractions of isolated nuclei. Although the difficulty of obtaining large numbers of cultured adult cardiocytes precludes analysis of nuclear extractions, specific immunostaining suggests the presence of both aFGF and bFGF in myocyte nuclei. These FGFs are presumably of myocyte origin, since these cells were never exposed to exogenous FGF. Whether these FGFs were first secreted and then taken up and transported to the nucleus is not known.
Bouche et a129 showed by immunofluroescence that exogenous bFGF can be detected in both the nucleus and in the nucleolus of cultured endothelial cells and that it stimulates RNA polymerase I activity. The nuclear forms of bFGF are high molecular weight (21-24- 
